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ABSTRACT 
The d i s p o s a l  o f  complex m i x t u r e s  such as  waste  wa te r  on a g r i c u l t u r a l  
l a n d s  poses known and unknown e n v i r o n m e n t a l  r i s k s .  Mutagens may be 
i n t r o d u c e d  i n t o  t h e  eco-sys tem and perhaps c o n c e n t r a t e d  by c r o p  p l a n t s  
o r  l e a c h e d  i n t o  ground wa te r  s u p p l i e s .  The purpose o f  t h i s  s t u d y  was t o  
d e t e r m i n e  t h e  b i o l o g i c a l  e f f e c t  o f  a  mutagen ic  waste  wa te r  b e f o r e  and 
a f t e r  a p p l i c a t i o n  t o  s o i l .  We used an XAD-8 methano l  e x t r a c t  o f  waste  
w a t e r  f r o m  t h e  m u n i c i p a l  sewage t r e a t m e n t  f a c i l i t y  a t  Sauget  I L .  T h i s  
e x t r a c t  was a  p o t e n t  d i r e c t  a c t i n g  mutagen when assayed w i t h  t h e  S a l m o n e l l a  
t yph imur ium.  1 and 3 ml o f  e x t r a c t  were b r o u g h t  u p  t o  10 ml volumes w i t h  
wa te r  and added t o  10 a  o f  s t e r i l e  o r  n o n s t e r i l e  , n a t i v e  c l a v  loam. 
These m i x t u r e s  were p l a c e d  i n  a  s h a k i n g  w a t e r  b a t h  a t  roonl t empera tu re  
f o r  0, 24, and 48 h .  A f t e r  s e p a r a t i o n  o f  s o l i d  and l i q u i d  p o r t i o n s  b y  
f i l t r a t i o n ,  d i c h l o r o m e t h a n e  was added t o  e x t r a c t  t h e  o r g a n i c  f r a c t i o n s  
from each component. S o l v e n t  e x t r a c t i o n s  were evapora ted  t o  d ryness  
under  vacuum and b r o u g h t  up i n  DMSO. T e s t s f o r  mu tagen ic  a c t i v i t y  were 
conduc ted  u s i n g  s t r a i n  TA98. A f t e r  a d d i t i o n  t o  t h e  s o i l  f o r  g r e a t e r  p e r i o d s  
o f  t i m e  t h e  mutagen ic  a c t i v i t y  decreased.  The s o l i d  component e x h i b i t e d  
g r e a t e r  mu tagen ic  a c t i v i t y  t h a n  t h e  l i q u i d .  The XAD-8 e x t r a c t  was a l s o  
assayed u s i n g  t h e  & assay i n  Zea mays and t h e  m i c r o n u c l e u s  assay i n  
T r a d e s c a n t i a .  The e x t r a c t  d i d  n o t  i n d u c e  m u t a t i o n  o r  chromosome a b e r r a t i o n s  
i n  t h e s e  assays .  The s ludqe  f r o m  t h e  Sauqet  p l a n t  was c h e m i c a l l y  
f r a c t i o n a t e d  and assayed w i t h  S. t y p h i m u r i u m  s t r a i n s  TA98 and ~ ~ 1 0 0 .  
The n e u t r a l  f r a c t i o n  was t h e  most mu tagen ic  f r a c t i o n  f o l l o w e d  by  t h e  
weak a c i d , - s t r o n g  a c i d  and b a s i c  f r a c t i o n s .  These chemica l  f r a c t i o n s  
uncovered more r r~u tagen ic  po tency  t h a n  was p r e d i c t e d  by a s s a y i n g  a  c r u d e  
o r g a n i c  e x t r a c t  o f  t h e  s ludge .  
KEYWORDS--genotoxin/ m i c r o n u c l e u s l  mutagen1 m u t a t i o n /  S a l m o n e l l a  t y p h i -  
m u r i u m l  s l u d g e 1  s o i l 1  T r a d e s c a n t i a l  waste w a t e r 1  Zea mays 
INTRODUCTION 
There i s  s u b s t a n t i a l  i n t e r e s t  i n  t h e  l a n d  t r e a t m e n t  o f  m u n i c i p a l  
waste waters .  U.S.  Env i ronmenta l  P r o t e c t i o n  Agency g u i d e l i n e s  r e q u i r e  
t h e  examina t ion  of  such systems as p a r t  of  any S e c t i o n  201 f a c i l i t y  
p l a n s .  As p a r t  o f  a  r e c e n t  e v a l u a t i o n  o f  t h e  h e a l t h  r i s k s  a s s o c i a t e d  
w i t h  s l o w - r a t e  l a n d  t r e a t m e n t  f a c i l i t i e s ,  U iga and C r i t e s  (1980)  i n d i c a t e d  
t h a t ,  "under  w e l l - m a i n t a i n e d  c o n d i t i o n s ,  b o t h  c o n v e n t i o n a l  and l a n d  
t r e a t m e n t  systems p r o v i d e  a  l a r g e  measure o f  s a f e t y  f o r  p u b l i c  h e a l t h . "  
However, t h e y  observed t h a t ,  " t h e  h e a l t h  e f f e c t s  o f  t r a c e  m e t a l s  a r e  
d i f f i c u l t  t o  e v a l u a t e "  and, "no e s t i m a t e  can be made on t h e  h e a l t h  
hazards r e s u l t i n g  f rom t h e  l o w  l e v e l  exposure t o  t r a c e  o r g a n i c s . "  
One h e a l t h  hazard f r o m  such o r g a n i c  con taminan ts  i s  t h e  a b i l i t y  
of  some compounds t o  a f f e c t  t h e  g e n e t i c  m a t e r i a l  o f  organisms i n d u c i n g  
m u t a t i o n ,  cancer  and b i r t h  d e f e c t s .  An env i ronmenta l  mutagen o r  g e n o t o x i n  
i s  an agent  t h a t  i s  r e l e a s e d  o r  i s  p r e s e n t  i n  t h e  env i ronment  t h a t  can 
a l t e r  t h e  g e n e t i c  m a t e r i a l  ( d e o x y r i b o n u c l e i c  a c i d ,  DNA) o r  a l t e r  t h e  
p r o p e r  f u n c t i o n i n g  o f  t h e  g e n e t i c  m a t e r i a l .  The presence o f  such g e n o t o x i c  
agents  i n  t h e  env i ronment  i s  a  s e r i o u s  t h r e a t  t o  t h e  p u b l i c  h e a l t h  (Crow 
and Abrahamson, 1982) .  Depending upon t h e  deve lopmenta l  s t a g e  of  an 
i n d i v i d u a l ,  a  g e n o t o x i n  can e x e r t  t e r a t o g e n i c  e f f e c t s  ( b i r t h  d e f e c t s )  
(Hemminki e t  a l . ,  1980), p r e c i p i t a t e  c o r o n a r y  d i s e a s e  ( B e n d i t t ,  1977) ,  
produce m u t a t i o n s  i n v o l v i n g  ge rm ina l  c e l l s  (Crow, 1973),  o r  cause m u t a t i o n s  
i n  somat i c  c e l l s  t h a t  may become n e o p l a s t i c  (cancerous)  (Ames, 1979) .  
I t  i s  w i d e l y  b e l i e v e d  t h a t  a  m a j o r i t y  o f  human cancers  i s  due 
t o  t h e  presence o f  ca rc inogens  i n  t h e  env i ronment  ( B e r g e l ,  1974; E p s t e i n ,  
1974; de Ser res ,  1979; Ames, 1984).  The somat i c  c e l l  m u t a t i o n  t h e o r y  o f  
cancer  r e v o l v e s  around t h e  s i m p l e  premise t h a t  cancer  a r i s e s  i n  humans 
and o t h e r  organisms t h r o u g h  damage t o  DNA, chromosomes o r  t o  m i t o t i c  
r e c o m b i n a t i o n  (Sorsa,  1980).  D u r i n g  t h e  l a s t  15 y e a r s  ev idence has been 
r e p o r t e d  t h a t  demonst ra tes  t h a t  most, i f  n o t  a l l ,  chemica l  ca rc inogens  
a r e  mutagens. 
Bes ides t h e  i n d u c t i o n  o f  somat i c  c e l l  m u t a t i o n s ,  env i ronmenta l  
mutagens induce  m u t a t i o n s  i n  ge rm ina l  c e l l s .  Gene t i c  damage by e n v i r o n -  
menta l  mutagens t o  ge rm ina l  c e l l s  has by f a r  t h e  most s e r i o u s  consequences 
w i t h  r e g a r d  t o  t h e  adverse l o n g  t e r m  e f f e c t s  upon o u r  spec ies  (de Ser res ,  
1979) .  Wi th  t h e  i n d u c t i o n  o f  ge rm ina l  c e l l  m u t a t i o n s  an exposed person 
has t h e  p o s s i b i l i t y  o f  d e l e t e r i o u s  e f f e c t s  as w e l l  as h i s  progeny g e n e r a t i o n  
upon g e n e r a t i o n .  The p r o b a b i l i t y  t h a t  env i ronmenta l  mutagens w i l l  i n c r e a s e  
t h e  g e n e t i c  l o a d  o f  ou r  spec ies  th rough  an i n c r e a s e d  m u t a t i o n  r a t e  i n  
ge rm ina l  c e l l s  i s  t h e  g r e a t e s t  danger posed by t h e s e  g e n o t o x i c  agents .  
I t  has been found t h a t  among t h e  e f f l u e n t s  f rom c o n v e n t i o n a l  waste 
water  t r e a t m e n t  f a c i l i t i e s  i n  I l l i n o i s ,  many c o n t a i n  s u b s t a n t i a l  mutagenic 
a c t i v i t y  (Hopke e t  a1 . , 1982; P l  ewa and Hopke, 1983; P l  ewa, 1985) . If 
such e f f l u e n t s  were a p p l i e d  t o  s o i l s  t h e r e  would e x i s t  t h e  p o s s i b i l i t y  
o f  i n f i l t r a t i o n  th rough  t h e  s o i l  column i n t o  ground water  r e s e r v e s .  I t  
may a l s o  be t h a t  many of t h e  a c t i v e  compounds may adsorb  on t h e  s o i l  
p a r t i c l e s  and /o r  be d e a c t i v a t e d  by t h e  a c t i o n  o f  s o i l  b a c t e r i a  so t h a t  
l a n d  a p p l i c a t i o n  may d i m i n i s h  t h e  t h r e a t  o f  mutagenic waste water  
e f f l u e n t s .  The purpose o f  t h i s  p r o j e c t  was t o  examine t h e  f a t e  of t h e  
mutagenic po tency  o f  agents  found i n  a  waste wa te r  when t h e y  a r e  a p p l i e d  
t o  s o i l s .  I n  a d d i t i o n ,  a  d e t a i l e d  g e n e t i c  a n a l y s i s  o f  t h e  mutagenic 
p r o p e r t i e s  o f  waste wa te r  and s ludge f r o m  t h e  Sauget I l l i n o i s  P u b l i c  
Water Treatment  Works was conducted.  
The o b j e c t i v e s  o f  t h e  o r i g i n a l  s t u d y  were t o  ana lyze  t h e  e f f e c t s  
o f  a g r i c u l t u r a l l y  i m p o r t a n t  s o i l  t ypes  on t h e  m u t a g e n i c i t y  o f  a  c h e m i c a l l y  
d e f i n e d  waste water ,  t o  de te rm ine  t h e  a b i l i t y  o f  d i f f e r e n t  s o i l  t y p e s  t o  
remove s p e c i f i c  t y p e s  o f  mutagens, and t o  p r e d i c t  t h e  p o s s i b l e  r i s k s  
a s s o c i a t e d  w i t h  t h e  d i s p o s a l  o f  waste waters  on a g r i c u l t u r a l  l a n d s  t h a t  
may r e s u l t  i n  t h e  c o n t a m i n a t i o n  o f  ground water  s u p p l i e s .  Our a t t e m p t s  
t o  o b t a i n  a  s u i t a b l e  amount o f  a  c h e m i c a l l y  d e f i n e d  waste water  f rom 
t h e  Sauget I l l i n o i s  P u b l i c  Water Treatment Works on a  c o n t i n u a l  b a s i s  met 
w i t h  f a i l u r e  even w i t h  t h e  i n t e r v e n t i o n  o f  t h e  I l l i n o i s  Env i ronmenta l  
P r o t e c t i o n  Agency. We used two sources o f  agents  t o  assay f o r  t h e  s tudy .  
An XAD-8 methanol  e x t r a c t  o f  waste wa te r  f rom t h e  m u n i c i p a l  t r e a t m e n t  
f a c i l i t y  o f  Sauget was used. T h i s  e x t r a c t  had been c h e m i c a l l y  c h a r a c t e r i z e d  
i n  t h e  l a b o r a t o r y  ( E l l i s  e t  a l . ,  1982).  The second sample was an a n a l y s i s  
o f  t h e  mutagenic po tency  o f  m u n i c i p a l  sewage s ludge  f r o m  t h e  Sauget 
t r e a t m e n t  p l a n t .  
The i n f l h e n t  t o  t h e  Sauget I l l i n o i s  P u b l i c  Water Treatment Works 
( l o c a t e d  near  Eas t  S t .  L o u i s )  i s  p r e d o m i n a n t l y  t h e  wastes o f  a  heavy 
chemica l  i n d u s t r i a l  p l a n t ,  a l t h o u g h  t h e  manufactures  o f  a l l o y s  and meta l  
t u b i n g  a l s o  c o n t r i b u t e .  The e f f l u e n t  f l o w s  i n t o  t h e  M i s s i s s i p p i  R i v e r  and 
samples o f  t h i s  e f f l u e n t  have been demonstrated t o  be mutagenic.  The 
chemica l  components o f  Sauget waste wa te r  encompass a l k y l  benzenes, 
ch lorobenzenes,  c h l o r o a n i l i n e s ,  n i t r o a n i l i n e s ,  c h l o r o n i t r o b e n z e n e s ,  
hyd robenzo ic  a c i d ,  benzy l  a l c o h o l ,  v a r i o u s  monoterpene d e r i v a t i v e s ,  
phenol ,  v a r i o u s  c h l o r o p h e n o l s  and n i t r o p h e n o l s  and t h e i r  me thy l  e s t e r s .  
The a d s o r p t i o n  o f  an a c i d i f i e d  sample o n t o  an XAD-8 column y i e l d e d  t h e  
more h i g h l y  s u b s t i t u t e d  phenols;  s p e c i f i c a l l y  t h e  methy l  e s t e r s  o f  
t r i c h l o r o ,  t e t r a c h l o r o - ,  and pen tach lo ropheno l  ( E l l i s  e t  a l . ,  1984).  
T h i s  e x t r a c t  demonstrated v e r y  p o t e n t  d i r e c t  a c t i n g  mutagenic a c t i v i t y  
i n  Salrr~onel l a  typh imur ium.  T h i s  d i r e c t  a c t i n g  m u t a g e n i c i t y  was reduced 
a f t e r  a c t i v a t i o n  w i t h  mammalian h e p a t i c  microsomes. 
I n  P a r t  I o f  t h i s  r e s e a r c h  t h e  Sauget XAD-8 methanol  e x t r a c t  was 
ana lyzed f o r  i t s  mutagenic potency w i t h  - S. t yph imur ium s t r a i n  TA98 w i t h  
and w i t h o u t  r a t  h e p a t i c  microsomal a c t i v a t i o n .  The waste water  e x t r a c t  
was incuba ted  w i t h  s o i l  f o r  v a r i o u s  t i m e s  and t h e  e f f e c t  o f  t h i s  i n c u b a t i o n  
on t h e  m u t a g e n i c i t y  o f  t h e  e x t r a c t  was ana lyzed.  The waste water  e x t r a c t  
was a l s o  ana lyzed f o r  i t s  a b i l i t y  t o  i nduce  m u t a t i o n  a t  t h e  @ l o c u s  i n  
Zea mays and induce  chromosome a b e r r a t i o n s  i n  T r a d e s c a n t i a .  I n  P a r t  I 1  
-
t h e  s ludge  s o l i d  f r o m  t h e  Sauget I l l i n o i s  P u b l i c  Water Treatment  Works 
was ana lyzed f o r  i t s  m u t a g e n i c i t y  u s i n g  s t r a i n s  TA98 and TA100. 
MATERIALS AND METHODS: PART I 
BACTERIAL ASSAYS 
A1 1 b a c t e r i a l  assays f o r  mutagenic a c t i v i t y  were conducted u s i n g  
S.  t yph imur ium s t r a i n  TA98, a  h i s t i d i n e  auxo t roph  (Maron and Ames, 1983).  
- 
The s tandard  p l a t e  o v e r l a y  assay was conducted t h r o u g h o u t  t h e  p r o j e c t .  
Each e x t r a c t  was t e s t e d  a t  a  minimum o f  f i v e  d i f f e r e n t  concen t ra -  
t i o n s .  A l l  exper imen ts  were r u n  i n  t r i p l i c a t e  and repea ted .  The p l a t e s  
were i n c u b a t e d  a t  37°C f o r  48 h  b e f o r e  s c o r i n g .  
W i t h i n  each exper iment  t h r e e  c o n t r o l s  were conducted,  a  spontaneous 
r e v e r s i o n  c o n t r o l  ( p l a t i n g  t h e  b a c t e r i a  i n  b u f f e r ) ,  a  s t e r i l i t y  c o n t r o l  
on a l l  e x t r a c t s  and s o l v e n t s  used, a  n e g a t i v e  c o n t r o l  ( p l a t i n g  t h e  b a c t e r i a  
and s o l v e n t s  t o g e t h e r )  and a  p o s i t i v e  c o n t r o l  (ICR-191, an i n t e r c a l a t i n g -  
a1 k y l a t i n g  mutagen).  
XAD-8 EXTRACTISOIL MIXTURE 
I n  t h i s  s tudy ,  1 and 3 m l  samples o f  t h e  Sauget XAD-8 methanol  
e x t r a c t  were b r o u g h t  up t o  a  10 m l  volume w i t h  d e i o n i z e d  water  and added 
t o  10 g  o f  s t e r i l e  o r  n o n s t e r i l e  n a t i v e  c l a y  loam ( F i g u r e  1 ) .  These 
m i x t u r e s  were p laced  i n  a  s h a k i n g  water  b a t h  a t  ambient  tempera tu re  
f o r  0, 24, and 48 h. The s o l i d  and l i q u i d  p o r t i o n s  were separa ted  by  
c e n t r i f u g a t i o n .  Each p o r t i o n  was e x t r a c t e d  w i t h  methy lene c h l o r i d e  ( 6 : l  
V I V )  and t h e  o r g a n i c s  p a r t i t i o n e d  i n  t h e  methy lene c h l o r i d e .  The 
s o i l l m e t h y l e n e  c h l o r i d e  m i x t u r e s  were mixed f o r  1 min  i n  a  V i r T i s  45 
homogenizer and o r g a n i c  and aqueous f r a c t i o n s  were separa ted  i n  a  s e p a r a t o r y  
f u n n e l .  Each e x t r a c t i o n  was repea ted  once and t h e  o r g a n i c  phase was 
, p o o l e d .  The methy lene c h l o r i d e  was t a k e n  t o  dryness on a  Buch i  Brinkman 
Roto-Vapor a t  40" C.  The o r g a n i c  e x t r a c t  was r e d i s s o l v e d  i n  1 o r  3  m l  
o f  d i m e t h y l s u l f o x i d e  (DMSO). Four methy lene c h l o r i d e  e x t r a c t s  were d e r i v e d  
f r o m  each exper imen t ,  1 )  t h e  e x t r a c t  f r o m  t h e  aqueous component o f  a  
s t e r i l e  s o i l  m i x t u r e ,  2) t h e  e x t r a c t  f r o m  t h e  s o l i d  component o f  a  s t e r i l e  
s o i l  m i x t u r e ,  3 )  t h e  e x t r a c t  f r o m  t h e  aqueous component o f  a  n o n s t e r i l e  
s o i l  m i x t u r e ,  and 4 )  t h e  e x t r a c t  f r o m  t h e  s o l i d  component o f  a  n o n s t e r i l e  
s o i l  m i x t u r e .  A l l  t e s t s  f o r  mutagenic a c t i v i t y  were conducted u s i n g  a  
de f ined  c o n c e n t r a t i o n  o f  t h e  methy lene c h l o r i d e  e x t r a c t  i n  DMSO. S t r a i n  
TA98 was used t o  assay f o r  mutagenic a c t i v i t y  o f  t h e  e x t r a c t s  f r o m  each 
exper imen t .  
YG2 ASSAY 
The maize k e r n e l s  were generated i n  o u r  g e n e t i c s  n u r s e r y  a t  t h e  
South Farms o f  t h e  Department o f  Agronomy a t  t h e  U n i v e r s i t y  o f  I l l i n o i s .  
The heterozygous k e r n e l s  were produced by c r o s s i n g  i n b r e d  l i n e s  o f  M G C  
70-1245 yg21yg2 by Yg2IYg2 E a r l y - E a r l y  S y n t h e t i c .  The c r o s s i n g  o f  two 
i n b r e d s  i n s u r e d  t h a t  t h e  F1 progeny were h i g h l y  i s o g e n i c .  
The procedures o f  Plewa e t  a l .  (1984) were f o l l o w e d  f o r  t h e  @ 
assays o f  t h e  waste water  e x t r a c t s .  W i t h i n  each exper iment  Yg21yg2 
s i b l i n g  k e r n e l s  were used. Approx ima te ly  33 k e r n e l s  p e r  c o n t r o l  and 
t r e a t m e n t  group were used. The k e r n e l s  were su r face  s t e r i l i z e d  by  a  
5  m in  wash i n  a  0.5% sodium h y p o c h l o r i t e  s o l u t i o n .  The k e r n e l s  were 
r i n s e d  under r u n n i n g  t a p  water  f o r  10 m in  and p laced  i n  a e r a t e d  d i s t i l  l e d  
wa te r  f o r  72 h  a t  20°C. The tempera tu re  was r e g u l a t e d  i n  a  water  b a t h  
by a  Lauda K-2/R t e m p e r a t u r e c o n t r o l  u n i t .  D u r i n g  t h e  soak ing p e r i o d  t h e  
wa te r  was changed e v e r y  24 h. The k e r n e l s  were randomly  d i s t r i b u t e d  i n t o  
groups f o r  t r e a t m e n t ;  each exper iment  had a  c o n c u r r e n t  n e g a t i v e  and 
p o s i t i v e  c o n t r o l .  
W i t h i n  each experiment, an equal  number o f  k e r n e l s  were d i s t r i b u t e d  
t o  each t r e a t m e n t  group excep t  f o r  t h e  p o s i t i v e  c o n t r o l .  I n  genera l  
11 o r  17 k e r n e l s  and 15 ml o f  t h e  t e s t  s o l u t i o n  were p laced  i n t o  each 
t h i r t y  m l ,  wide mouth g l a s s  t e s t  tube.  Each t e s t  t u b e  was p l a c e d  i n  
a  wa te r  b a t h  a t  20°C. A c o n c u r r e n t  c o n t r o l  o f  15 ml o f  a  0.1 M phosphate 
b u f f e r  (pH 7.4) was conducted w i t h  each exper iment .  The t r e a t m e n t  s o l u t i o n s  
were c o n s t a n t l y  a e r a t e d  by b u b b l i n g  w i t h  w a t e r - s a t u r a t e d  compressed a i r  
d u r i n g  t h e  8  h  t r e a t m e n t  t ime .  The t r e a t m e n t  appara tus  was k e p t  i n  a  
vented chemica l  hood and a p p r o p r i a t e  s a f e t y  p r e c a u t i o n s  o u t l i n e d  i n  t h e  
"Guide1 i n e s  f o r  t h e  Safe Hand1 i n g  o f  Chemical Carcinogens ," D i v i s i o n  of 
H e a l t h  and S a f e t y ,  U n i v e r s i t y  o f  I l l i n o i s ,  were en fo rced .  A f t e r  t h e  
t r e a t m e n t  p e r i o d ,  t h e  s o l u t i o n s  were d isposed i n  a  t o x i c  waste c o h t a i n e r  
and t h e  k e r n e l s  were r i n s e d  f o r  30 min  under r u n n i n g  t a p  wa te r .  
The k e r n e l s  were p l a n t e d  by t r e a t m e n t  group i n  a  s tandard  s o i l  
m i x t u r e  o f  loam, pea t  moss and sand (4:2:1 v / v / v ) .  Three k e r n e l s  were 
p l a n t e d  i n  each 10 cm d iamete r  p l a s t i c  p o t .  The p o t s  were l a b e l e d  and 
p l a c e d  i n t o  a  p l a n t  g rowth  chamber a d j u s t e d  f o r  a  p h o t o p e r i o d  o f  17 
h  a t  an i l l u m i n a t i o n  o f  300 pE m-2 sec-1 PRR and tempera tu re  o f  20°C. 
The p l a n t s  were watered each day w i t h  d e i o n i z e d  water  o r  a  l i q u i d  p l a n t  
f e r t i l i z e r .  
The c o n t r o l  and t r e a t m e n t  groups were coded and i n  a p p r o x i m a t e l y  
20 days, l e a v e s  f o u r  o r  f i v e  matured ( i d e n t i f i e d  by t h e  presence of 
6 
t h e  l i g u l e )  and were scored.  A f l u o r e s c e n t  1  i g h t  box (I~R, I n c .  Cheltenham 
PA) and a  m a g n i f y i n g  l e n s  were used as a i d s  i n  t h e  a n a l y s i s  o f  t h e  leaves .  
Only  s e c t o r s  t h a t  were ye l l ow-g reen  i n  c o l o r  and g r e a t e r  t h a n  1 rrlm i n  
l e n g t h  were counted.  The number o f  s e c t o r s  p e r  l e a f  scored was reco rded .  
A f t e r  t h e  e n t i r e  exper imen t  was scored t h e  groups were decoded. 
TRADESCANTIA MICRONUCLEUS ASSAY 
The T r a d e s c a n t i a  pa ludosa m ic ronuc leus  t e s t  measures chromosome 
damage i n  t e t r a d s  f o l l o w i n g  m e i o s i s  o f  t h e  p o l l e n  g r a i n  mother c e l l s  
(Ma, 1981).  A m ic ronuc leus  may r e s u l t  f r o m  t h e  i n d u c t i o n  o f  a  m u l t i p o l a r  
n u c l e a r  d i v i s i o n  o r  by  chromosome a b e r r a t i o n s  t h a t  r e s u l t  i n  a c e n t r i c  
f ragments .  The f ragment  o f  broken chromosome can be observed as a  separa te  
m i c r o n u c l  eus w i t h i n  t h e  t e t r a d .  
I n f l o r e s c e n c e s  o f  T r a d e s c a n t i a  c l o n e  03 p l a n t s  were used t h r o u g h o u t  
t h i s  s tudy .  The use o f  a  s i n g l e  c l o n e  i n s u r e d  t h a t  a l l  o f  t h e  i n f l o r -  
escences were i s o g e n i c .  The procedures f o r  expos ing  t h e  i n f l o r e s c e n c e s  
t o  waste water  components and s c o r i n g  t h e  m i c r o n u c l e i  have been p u b l i s h e d  
(Hopke e t  a1 . , 1982; P l  ewa and Hopke, 1983).  
A one way a n a l y s i s  o f  v a r i a n c e  was conducted f o r  each s e t  o f  
aggregated d a t a  f r o m  t h e  g e n e t i c  assays w i t h i n  an e x p e r i m e n t a l  s e r i e s .  If 
a  s i g n i f i c a n t  F va lue  was c a l c u l a t e d  a  p a i r w i s e  compar ison o f  a l l  t h e  
t r e a t r r ~ e n t  groups was co r~duc ted  and t h e  p r o b a b i l i t y  va lues  f o r  each r e l e v a n t  
compar ison was determined.  A s i g n i f i c a n t  d i f f e r e n c e  between a  c o n t r o l  
and t r e a t m e n t  group r e q u i r e d  a  P  5 0.05. Mean va lues  were u s u a l l y  p resen ted  
w i t h  t h e  s t a n d a r d  e r r o r  o f  t h e  mean. 
RESULTS AND DISCUSSION: PART I 
EFFECTS OF SOIL ON THE MUTAGENICITY I N  SALMONELLA OF WASTE WATER XAD-8 
EXTRACTS 
The f i r s t  exper imen t  was a  p r o c e d u r a l  c o n t r o l .  The methy lene 
c h l o r i d e  e x t r a c t i o n  p rocedure  was c a l i b r a t e d  f o r  i t s  a b i l i t y  t o  r e c o v e r  
t h e  mutagen ic  a c t i v i t y  i n  t h e  Sauget XAD-8 methanol  e x t r a c t  sample. A 
sample o f  t h e  Sauget XAD-8 methanol  e x t r a c t  was r o t o - e v a p o r a t e d  and 
r e d i s s o l v e d  i n  DMSO. T h i s  c o n t r o l  was f o r  t h e  e x p e r i m e n t a l  p r o t o c o l  
w i t h o u t  t h e  a d d i t i o n  o f  t h e  e x t r a c t  t o  t h e  s o i l .  The c o n t r o l  c o n s i s t e d  
of a  compar ison o f  t h e  mutagenic p r o p e r t i e s  o f  equa l  amounts o f  t h e  
r o t o - e v a p o r a t e d  Sauget XAD-8 methanol  e x t r a c t  t h a t  was r e d i s s o l v e d  i n  
DMSO w i t h  t h e  " s t r a i g h t "  XAD-8 methanol  e x t r a c t .  The c o n c e n t r a t i o n s  t h a t  
were e v a l u a t e d  were 2, 4 ,  6 ,  8, and 10 ~ 1  o f  t h e  " s t r a i g h t "  Sauget XAD-8 
methano l  e x t r a c t .  The d a t a  f o r  t h e  r o t o - e v a p o r a t e d  Sauget XAD-8 methanol  
e x t r a c t  r e d i s s o l v e d  i n  DMSO assayed w i t h  ( 0 )  and w i t h o u t  (m) mammalian 
microsomal  a c t i v a t i o n  (S9) ,  and t h e  " s t r a i g h t "  Sauget XAU-8 methanol  
e x t r a c t  assayed w i t h  ( 0 )  and w i t h o u t  (a) S9 a r e  i l l u s t r a t e d  i n  F i g u r e  2. 
The samples were assayed w i t h  Sa lmone l l a  s t r a i n  TA98. The d a t a  c l e a r l y  
i n d i c a t e s  t h a t  p l a t i n g  t h e  r o t o - e v a p o r a t e d  e x t r a c t  and p l a t i n g  t h e  
" s t r a i g h t "  methanol  e x t r a c t  g i v e  n e a r l y  i d e n t i c a l  r e s u l t s .  F i g u r e  2  
a l s o  demons t ra tes  t h a t  S9 mammalian microsomal a c t i v a t i o n  decreases t h e  
o t h e r w i s e  v e r y  s t r o n g  mutagen ic  potency o f  t h e  Sauget waste wa te r  
e x t r a c t .  Even w i t h  t h e  r e d u c t i o n  o f  t h e  mutagen ic  response b y  S9, t h e  
Sauget waste water  e x t r a c t  i s  a  p o t e n t  mutagen t o  Sa lmone l l a .  However, 
because S9 d i d  n o t  a c t i v a t e  t h e  e x t r a c t  t h e  rema inder  o f  t h e  exper imen ts  
u s i n g  S a l m o n e l l a  were conducted w i t h o u t  t h e  a d d i t i o n  o f  S9. 
The p r o c e d u r a l  c o n t r o l  exper imen t  i n d i c a t e d  t h a t  a l l  o f  t h e  mutagen ic  
a c t i v i t y  o f  t h e  Sauget XAD-8 methanol  e x t r a c t  c o u l d  be q u a n t i t a t i v e l y  
r e c o v e r e d  a f t e r  r o t o - e v a p o r a t i o n  and r e d i s s o l v i n g  i n  DMSO. The s o i l  
m i x i n g  exper imen ts  encompassed m i x i n g  known q u a n t i t i e s  o f  t h e  Sauget 
XAD-8 methanol  e x t r a c t  w i t h  a  s t a n d a r d  w e i g h t  o f  c l a y  loam, e x t r a c t i n g  
t h e  m i x t u r e  and c o n d u c t i n g  a  m u t a g e n i c i t y  assay w i t h  TA98. The f i r s t  
s e r i e s  o f  s o i l  m i x t u r e  exper imen ts  were conducted w i t h  an i n c u b a t i o n  t i m e  
of zero.  The Sauget XAD-8 methanol  e x t r a c t  was added t o  t h e  s o i l  and 
immed ia te l y  c e n t r i f u g e d  and e x t r a c t e d  w i t h  methy lene c h l o r i d e .  I n  t h e  
f i r s t  experirr lent ( F i g u r e  3) 1 rnl o f  t h e  Sauget XAD-8 methat-101 e x t r a c t  was 
added t o  9  m l  o f  d e i o n i z e d  water  and mixed w i t h  10 g  s o i l .  The m i x t u r e  
was e x t r a c t e d  w i t h  methy lene c h l o r i d e  and r o t o - e v a p o r a t e d  and each o f  t h e  
fou r  components o f  t h e  exper iment  (aqueous component o f  a  s t e r i l e  s o i l ,  
s o l i d  component. o f  a  s t e r i l e  s o i l ,  aqueous component o f  a  n o n s t e r i l e  
s o i l ,  s o l i d  component o f  a  n o n s t e r i l e  s o i l )  was d i s s o l v e d  i n  1 ml o f  
UMSO. The d a t a  a r e  p resen ted  i n  F i g u r e  3. For  each e x t r a c t  o f  t h e  fou r  
components, 10, 20, 30, 40, and 50 ~ 1  were s e p a r a t e l y  p l a t e d .  Wh i le  a l l  
f o u r  components demonst ra ted a  p o s i t i v e  response, t h e  s t e r i l e  s o i l  (a) 
and n o n s t e r i l e  s o i l  (s), s o l i d  components induced more r e v e r t a n t s  p e r  
p l a t e  t h r o u g h o u t  t h e  c o n c e n t r a t i o n  range t h a n  d i d  t h e  aqueous components 
from t h e  s t e r i l e  s o i l  ( 0 )  and n o n s t e r i l e  s o i l  (e) . O f  t h e  components o f  
t h e  exper imen t ,  t h e  s o l i d  component f r o m  t h e  s t e r i l e  s o i l  m i x t u r e  c o n t a i n e d  
t h e  most e x t r a c t a b l e  mutagenic m a t e r i a l .  
The d a t a  p resen ted  i n  F i g u r e s  2  and 3  i n d i c a t e  a  s i g n i f i c a n t  
decrease i n  t h e  mutagenic potency o f  t h e  Sauget XAD-8 methanol  e x t r a c t  
a f t e r  exposure t o  s o i l .  As i l l u s t r a t e d  i n  F i g u r e  2, t h e  a d d i t i o n  of  
10 of  t h e  methanol  e x t r a c t  ( w i t h o u t  t h e  a d d i t i o n  o f  t h e  S9 m i x )  induced 
over  1,200 r e v e r t a n t s  p e r  p l a t e .  However, a f t e r  t h e  a d d i t i o n  o f  t h e  
aqueous and s o l i d  component o f  e i t h e r  t h e  s t e r i l e  o r  n o n s t e r i l e  s o i l  
m i x t u r e  t h e  number of  r e v e r t a n t s  pe r  p l a t e  i s  marked ly  reduced. A f o u r  
f o l d  i n c r e a s e  o f  t h e  Sauget XAD-8 methanol e x t r a c t  o n l y  induced approx-  
i m a t e l y  600 r e v e r t a n t s  pe r  p l a t e  a f t e r  b e i n g  exposed t o  s t e r i l e  s o i l  
( F i g u r e  3 ) .  
I n  t h e  n e x t  e x p e r i m e n t a l  s e r i e s ,  t h e  i n c u b a t i o n  t i m e  was s t i l l  
zero ,  however, 3  m l  o f  t h e  XAD-8 Sauget methanol  e x t r a c t  were d i l u t e d  
t o  10 m l  w i t h  d e i o n i z e d  water  and added t o  e i t h e r  s t e r i l e  o r  n o n s t e r i l e  
s o i l .  The purpose o f  t h i s  s e r i e s  was t o  de te rm ine  t h e  e f f e c t  o f  add ing 
more o f  t h e  methanol  e x t r a c t  o f  t h e  s o i l .  Again,  10, 20, 30, 40 and 
50 p1 o f  each o f  t h e  methy lene c h l o r i d e  e x t r a c t e d  components was p l a t e d .  
The s o l i d  components f r o m  b o t h  t h e  n o n s t e r i l e  and s t e r i l e  s o i l  m i x t u r e s  
( r a n d  D F i g u r e  4) induced more r e v e r t a n t s  per  p1 o f  methy lene c h l o r i d e '  
e x t r a c t  p l a t e d .  However, i n  these  exper iments ,  t h e  s o l i d  component 
from t h e  n o n s t e r i l e  s o i l  m i x t u r e  appeared t o b e  more mutagenic .  The 
two aqueous components from t h e  s t e r i l e  (0) and n o n s t e r i l e  ( 0 )  m i x t u r e s  
y i e l d e d  n e a r l y  i d e n t i c a l  r e s u l t s  ( F i g u r e  4 ) .  The a d d i t i o n  o f  more methanol  
e x t r a c t  t o  t h e  s o i l  r e s u l t e d  i n  a  g r e a t e r  number o f  r e v e r t a n t s  induced 
pe r  p1 e x t r a c t  as was i l l u s t r a t e d  by  t h e  i n c r e a s e d  p o s i t i v e  s l o p e s  i n  
F i g u r e  4  as compared w i t h  F i g u r e  3. 
I n  o u r  f i n a l  s e r i e s  of exper iments  we v a r i e d  t h e  t i m e  o f  i n c u b a t i o n  
of  t h e  e x t r a c t  w i t h  t h e  s o i l .  The procedures were i d e n t i c a l  as p r e v i o u s l y  
d i scussed  w i t h  t h e  a d d i t i o n  o f  a  24 h  o r  48 h  i n c u b a t i o n  w i t h  s o i l .  The 
purpose o f  t h e s e  exper iments  was t o  d e t e r m i n e  t h e  e f f e c t  o f  i nc reased  
i n c u b a t i o n  t i m e  on t h e  mutagenic po tency  o f  t h e  methanol  e x t r a c t .  
The d a t a  p resen ted  i n  F i g u r e s  5-8 i l l u s t r a t e  t h e  r e s u l t s  of t h e  
exper imen ts  i n  which 1 m l  o f  t h e  methanol  e x t r a c t  was incuba ted  f o r  
0,  24, o r  48 h  w i t h  s t e r i l e  o r  n o n s t e r i l e  s o i l .  From t h e  e x t r a c t  from 
each t r e a t m e n t  t i m e ,  10, 20, 30, 40, and 50 p1 were assayed w i t h  TA98 per  
p l a t e .  The e x t r a c t  f rom t h e  s o l i d  component o f  t h e  n o n s t e r i l e  s o i l  
m i x t u r e  r e s u l t e d  i n  t h e  g r e a t e s t  number o f  r e v e r t a n t s  p e r  p l  o f  e x t r a c t  
( F i g u r e  5 ) .  F i g u r e  5  i l l u s t r a t e s  most d r a m a t i c a l l y  t h e  r e d u c t i o n  i n  t h e  
mutagenic  a c t i v i t y  o f  t h e  e x t r a c t  a f t e r  24 h  ( s t r i p e d  b a r s )  and 48 h  
( w h i t e  b a r s )  as compared w i t h  t h e  0  h  i n c u b a t i o n  t i m e  ( b l a c k  b a r s ) .  The 
mutagenic  a c t i v i t y  o f  t h e  e x t r a c t  f r o m  t h e  s o l i d  component o f  t h e  s t e r i l e  
s o i l  m i x t u r e  a l s o  decreased a l t h o u g h  n o t  as d r a m a t i c a l l y  as t h e  s o l i d  
component o f  t h e  n o n s t e r i l e  m i x t u r e  ( F i g u r e  6 ) .  The e x t r a c t  f r o m  t h e  
aqueous component o f  t h e  n o n s t e r i l e  s o i l  l o s t  most o f  i t s  a c t i v i t y  a f t e r  
o n l y  24 h  o f  i n c u b a t i o n  ( F i g u r e  7 ) ,  w h i l e  t h e  e x t r a c t  f r o m  t h e  aqueous 
component of  t h e  s t e r i l e  s o i l  m i x t u r e  l o s t  some mutagenic  a c t i v i t y  a f t e r  
24 h  and more a f t e r  48 h  i n c u b a t i o n  ( F i g u r e  8 ) .  
The same s e r i e s  o f  exper imen ts  were conducted w i t h  i n c u b a t i n g  3  
m l  of t h e  Sauget waste wa te r  methanol e x t r a c t  w i t h  s t e r i l e  o r  n o n s t e r i l e  
s o i l .  The r e s u l t s  were i n  genera l  s i m i l a r  t o  t h e  exper iments  i n  which 
1 m l  of  t h e  Sauget waste water  methanol  e x t r a c t  was used. The e x t r a c t  
f r o m  t h e  s o i l  component o f  t h e  s t e r i l e  s o i l  m i x t u r e  demonst ra ted t h e  
g r e a t e s t  mutagenic a c t i v i t y  which s i g n i f i c a n t l y  decreased a f t e r  24 h 
and 48 h  o f  i n c u b a t i o n  ( F i g u r e  9 ) .  The e x t r a c t  f r o m  t h e  s o l i d  component 
of  t h e  n o n s t e r i l e  s o i l  m i x t u r e  s i g n i f i c a n t l y  d i m i n i s h e d  a f t e r  24 and 
48 h  i n  t h e  e x t r a c t s  f r o m  t h e  aqueous components o f  b o t h  t h e  n o n s t e r i l e  
( F i g u r e  11) and s t e r i l e  s o i l  m i x t u r e  ( F i g u r e  12) .  
I n  summary, we s i m u l a t e d  t h e  exposure o f  a  mutagenic  complex 
m i x t u r e  d e r i v e d  f rom a  waste water  t o  s o i l  t o  de te rm ine  i t s  b i o l o g i c a l  
e f f e c t .  We cons ide red  f o u r  v a r i a b l e s ;  1 )  s t e r i l e  o r  n o n s t e r i l e  s o i l ,  2 )  
t h e  a d d i t i o n  o f  1 o r  3  m l  o f  t h e  methanol  e x t r a c t  t o  t t i e  s o i l ,  3 )  t h e  
aqueous o r  s o l i d  component o f  t h e  m i x t u r e s ,  and 4) t h e  i n c u b a t i o n  o f  0, 
24 and 48 h. F a c t o r s  such as s o i l  s t e r i l i t y  and t h e  a d d i t i o n  o f  1 o r  3  
m l  o f  t h e  methanol  e x t r a c t  were n o t  c o n s i s t e n t  f o r  p r e d i c t i n g  t h e  r e l a t i v e  
mutagenic a c t i v i t y  o f  t h e  e x t r a c t e d  s o i l / c o m p l e x  m i x t u r e .  These d a t a  
suggest  t h a t  t h e  b i n d i n g  p r o p e r t i e s  o f  t h e  s o i l  t o  t h e  o r g a n i c  agents 
p r e s e n t  i n  t h e  complex m i x t u r e  were r e s p o n s i b l e  f o r  t h e  decrease i n  t h e  
mutagenic  a c t i v i t y  o f  t h e  methanol e x t r a c t  a f t e r  exposure t o  t h e  s o i l .  
Also, these d a t a  suggest  t h a t  s o i l  may have a  c a t a l y t i c  a c t i v i t y  and 
degrade mutagens t h a t  b i n d  w i t h  i t .  The l a c k  o f  a  c o n s i s t e n t  d i f f e r e n c e  
between t h e  mutagenic  a c t i v i t y  o f  t h e  e x t r a c t s  f rom t h e  1 o r  3  m l  a d d i t i o n s  
o f  t h e  Sauget e x t r a c t  i n d i c a t e  t h a t  t h e  s o i l  b i n d i n g  o r  d e g r a d i n g  p r o p e r t i e s  
had n o t  been s a t u r a t e d  i n  these  exper iments .  
I n  c o n t r a s t  t o  t h e  two above f a c t o r s ,  t h e  aqueous o r  s o l i d  component 
of  t h e  m i x t u r e s  and t h e  i n c u b a t i o n  t i m e s  o f  0, 24, and 48 h, had a  
c o n s i s t e n t  and s i g n i f i c a n t  e f f e c t  on t h e  mutagenic a c t i v i t y  e x h i b i t e d  
by t h e  Sauget methanol  e x t r a c t .  I n  a l l  t h e  exper iments ,  t h e  s o i l  
component c o n t a i n e d  a  g r e a t e r  mutagenic a c t i v i t y  t h a n  t h e  aqueous 
component. T h i s  phenomenon i s  c o n s i s t e n t  w i t h  t h e  sugges t ions  d i scussed  
above, t h a t  t h e  s o i l  forms a  complex w i t h  t h e  o r g a n i c  agents  i n  t h e  
Sauget methanol  e x t r a c t .  The exper imen ta l  r e s u l t s  a l s o  demonst ra ted 
t h a t  t h e  mutagenic  a c t i v i t y  decreased over  t i m e .  
THE EFFECT OF XAD-8 WASTE WATER CONCENTRATES ON MUTATION AT YG2 LOCUS I N  
M A 1  ZE 
Three exper iments  were conducted t o  de te rm ine  t h e  mutagenic potency 
o f  t h e  Sauget XAD-8 methanol  e x t r a c t  t h a t  was mutagenic i n  Sa lmonel la .  
For exper iments  4647 and 4649 t h e  c o n c e n t r a t i o n s  o f  t h e  Sauget XAD-8 
methanol  e x t r a c t  ranged f rom 5% t o  20% i n  a  0.1 M potass ium phosphate 
b u f f e r ,  pH 7.6. I n  a d d i t i o n ,  n e g a t i v e  c o n t r o l s  c o n s i s t i n g  o f  b u f f e r  
o n l y ,  o r  o f  methanol mixed i n  b u f f e r  were used. A p o s i t i v e  c o n t r o l  
o f  10 mM e thy lmethanesu l fona te  (EMS) i n  b u f f e r  was used i n  b o t h  e x p e r i -  
ments. The d a t a  f o r  exper iment  4647 a r e  presented i n  F i g u r e  13. Only 
one c o n c e n t r a t i o n  o f  t h e  Sauget XAD-8 methanol e x t r a c t ,  5%, was assayed. 
For l e a f  f o u r  t h e  5% Sauget XACI-8 methanol e x t r a c t  induced 0.07 @ 
s e c t o r s  pe r  l e a f  compared t o  t h e  n e g a t i v e  c o n t r o l  v a l u e  o f  0.04. For 
l e a f  f i v e  t h e  va lues were 0.11 and 0.04, r e s p e c t i v e l y .  The f requency 
o f  @ s e c t o r s  f o r  l eaves  4  o r  5  i n  t h e  5% Sauget XAD-8 methanol e x t r a c t  
t r e a t m e n t  g roup  were n o t  s i g n i f i c a n t l y  d i f f e r e n t .  The 10 mM EMS p o s i t i v e  
c o n t r o l  induced @ s e c t o r  pe r  l e a f  f requenc ies o f  4.80 and 1.2, f o r  
l eaves  4  and 5, r e s p e c t i v e l y .  The d a t a  f o r  exper iment  4649 a r e  presented 
i n  F i g u r e  14. Three c o n c e n t r a t i o n s  (10 ,  15, and 20%) o f  t h e  Sauget 
XAD-8 methanol e x t r a c t  were assayed. The @ frequency f o r  t h e  l e a f  4  
c o n t r o l  was 0.08 and t h e  yg2 - f r e q u e n c i e s  f o r  t h e  10, 15, and 20% Sauget 
XAD-8 methanol  e x t r a c t s  were 0.27, 0.28, and 0.10, r e s p e c t i v e l y .  The 
@ f r e q u e n c i e s  among t h e  c o n t r o l  and e x t r a c t s  were n o t  s i g ~ i f i c a n t l y  
d i f f e r e n t .  The y$ f r e q u e n c i e s  f o r  t h e  l e a f  5  c o n t r o l  and 10, 15 and 
20% Sauget XAD-8 methanol e x t r a c t s  were, 0.08, 0.18, 0.17, and 0.43, 
r e s p e c t i v e l y .  These va lues were n o t  s i g n i f i c a n t 1  y  d i f f e r e n t .  The 
f i n a l  exper iment  used DMSO as t h e  s o l v e n t .  The Sauget XAD-8 methanol 
e x t r a c t  was taken  t o  dryness by f l a s h  e v a p o r a t i o n  and b rough t  up i n  
DMSO. Due t o  t h e  s c a r c i t y  o f  t h e  Sauget XAD-8 methanol e x t r a c t  o n l y  
one c o n c e n t r a t i o n  was assayed. A 1% c o n c e n t r a t i o n  o f  t h e  XAD-8 e x t r a c t  
i n  DMSO was ana lyzed w i t h  t h e  @ assay. The c o n t r o l  @ frequency f o r  
l e a f  4  was 0.03 w h i l e  t h e  1% XAD-8 e x t r a c t  induced a  f requency o f  0.03 
4191 s e c t o r s  pe r  l e a f  4. 
Thus t h e  exper iments  u s i n g  t h e  @ assay o f  t h e  Sauget XAD-8 
methanol e x t r a c t  d i d  n o t  d e t e c t  any mutagenic a c t i v i t y  i n  t h e  concen- 
t r a t i o n  range f rom 1 t o  20%. 
THE EFFECT OF XAD-8 WASTE WATER CONCENTRATES ON THE MICRONUCLEUS TEST I N  
TRADESCANTIA 
Tradescan t ia  i n f l o rescences  were exposed t o  concen t ra t i ons  o f  t h e  
Sauget XAD-8 methanol e x t r a c t  i n  Hoagland's s o l u t i o n  t h a t  ranged f rom 
0.5% t o  10%. With each t e s t  nega t i ve  c o n t r o l s  c o n s i s t i n g  o f  Hoagland's 
s o l u t i o n  o r  a s o l v e n t  c o n t r o l  were inc luded .  The t r ea tmen t  t imes  were 
e i t h e r  6 o r  8 h and t h e  i n f l o rescences  were c y t o l o g i c a l l y  f i x e d  fo r  
24 h i n  a c e t i c  ac id :e thano l  (1:3 v / v ) .  The da ta  f o r  exper iment  WRCTRADl 
a re  presented i n  F i gu re  15. The micronuc leus f requenc ies  f o r  c o n t r o l  and 
t h e  5% methanol c o n t r o l  were 7.14 and 8.39 m ic ronuc le i / 100  t e t r a d s .  The 
f requenc ies  f o r  t h e  1, 5 and 10% Sauget XAD-8 methanol e x t r a c t  t rea tment  
groups were 5.52, 7.58 and 5.84 rn ic ronuc le i /100  t e t r a d s .  An a n a l y s i s  o f  
va r iance  was conducted on t h e  da ta  and F4,20 = 1.47, i n d i c a t i n g  t h a t  no 
s t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e r e n c e  e x i s t e d  among t h e  groups i n  t h e  
exper iment.  
The t r ea tmen t  concen t ra t i ons  o f  t h e  Sauget XAD-8 rr~ethanol  e x t r a c t  
f o r  exper iment  WRCTRADZ were 0.5, 1, and 5%. However, t h e  exposure 
t ime  was extended t o  8 h. The da ta  a re  presented i n  F i gu re  16. A s i g n i f i c a n t  
d i f f e r e n c e  was found between t h e  1% Sauget XAD-8 methanol e x t r a c t  and t h e  
nega t i ve  c o n t r o l  as w e l l  as w i t h  t h e  5% methanol s o l v e n t  c o n t r o l .  However, 
t h e  5% Sauget XAD-8 methanol e x t r a c t  t r ea tmen t  group d i d  n o t  induce an 
increased frequency o f  m i c r o n u c l e i .  
To i n v e s t i g a t e  t h e  r eg ion  around t h e  1% Sauget XAD-8 methanol 
e x t r a c t  concen t ra t i on ,  exper iment WRCTRAD3 was conducted. The concen- 
t r a t i o n s  o f  Sauget XAD-8 methanol e x t r a c t  i n c l uded  0.5, 1, and 2.5%, 
however, t h e  t r ea tmen t  t ime  was reduced t o  6 h t o  reduce t o x i c i t y  
( F i g u r e  17 ) .  A concent ra t ion-dependent  response was observed among t h e  
c o n t r o l  and t r ea tmen t  groups. A s i g n i f i c a n t  d i f f e r e n c e  ( P  2 0.05) was 
observed between t h e  c o n t r o l  and t h e  2.5% Sauget XAD-8 methanol e x t r a c t .  
The da ta  suggest t h a t  t h e  Sauget XAD-8 methanol e x t r a c t  i s  a h i g h l y  
c y t o t o x i c  and moderate ly  c l as togen i c  agent i n  T radescan t ia .  
I n  o rde r  t o  overcome t h e  t o x i c i t y  problerr~, we removed t h e  methanol 
from t h e  Sauget XAD-8 methanol e x t r a c t  under vacuum and r e d i s s o l v e d  
t h e  e x t r a c t  i n  DMSO (exper iment  WRCTRAD4). The Sauget XAD-8 e x t r a c t  
i n  DMSO was assayed a t  t h r e e  c o n c e n t r a t i o n s ;  0.5, 1, and 5%. No s i g n i f i c a n t  
d i f f e r e n c e  was d e t e c t e d  among t h e  c o n t r o l  and t r e a t m e n t  groups ( F i g u r e  
1 8 ) .  
CONCLUSIONS FROM THE YG2 AND MICRONUCLEUS TESTS 
The d a t a  f rom t h e  maize yg2 t e s t s  and t h e  T r a d e s c a n t i a  m ic ronuc leus  
t e s t s  i n d i c a t e  t h a t  t h e  Sauget XAD-8 methanol  e x t r a c t  i s  n o t  a  p o t e n t  
mutagen o r  c l a s t o g e n  i n  t h e s e  two h i g h e r  e u k a r y o t i c  assays. The r e s u l t s  
f rom t h e s e  exper imen ts  a r e  indeed s u r p r i s i n g  and c l e a r l y  i n d i c a t e  t h e  
need f o r  f u r t h e r  research .  Are t h e  mutagens i n  t h e  Sauget XAD-8 methanol  
e x t r a c t  d e t e c t e d  by t h e  Sa lmone l la  assays p r i m a r i l y  g e n o t o x i c  o n l y  t o  
p r o k a r y o t e  spec ies?  O r  a r e  t h e  agents  d e t o x i f i e d  by  maize and Trades- 
c a n t i a ?  The t o x i c i t y  o f  t h e  Sauget XAD-8 methanol  e x t r a c t  c o u l d  a l s o  
confound t h e  e u k a r y o t e  assays i n  t h a t  t h e  amount o f  mutagen i n  t h e  complex 
m i x t u r e  was be low a  d e t e c t a b l e  l e v e l  due t o  t h e  up take  o f  t o x i c  substances.  
Never the less ,  t h e  d a t a  suggest  t h a t  t h e  h i g h l y  mutagenic  agents  d e t e c t e d  
by t h e  Sa lmone l la  t e s t s  a r e  n o t  g e n o t o x i c  t o  maize and T r a d e s c a n t i a .  
MATERIALS AND METHODS: PART I 1  
EXTRACTION OF SAUGET SEWAGE SLUDGE 
Sauget waste water  e x t r a c t s  were e v a l u a t e d  f o r  t h e i r  mutagenic  
p r o p e r t i e s  i n  t h e  s t u d i e s  d i scussed  above. The waste water  was t h e  
aqueous e f f l u e n t  and t h e  s ludge i s  t h e  s o l i d  component i n  t h e  waste 
water  t r e a t m e n t  f a c i l i t y  a t  Sauget, I L .  S ince  o u r  s u p p l y  o f  t h e  Sauget 
XAD-8 methanol  e x t r a c t  was e x t r e m e l y  l i m i t e d  we ana lyzed Sauget sewage 
s ludge  and v a r i o u s  f r a c t i o n s  o f  t h e  s ludge  f o r  i t s  m u t a g e n i c i t y  i n  
Sa lmone l la  s t r a i n s  TA98 and TAlOO (Hopke e t  a l . ,  1984) .  The Sauget 
waste water  t r e a t m e n t  p l a n t  uses a  s i m p l e  p h y s i c a l l c h e m i c a l  p r i m a r y  
t r e a t m e n t .  Lime i s  added t o  t h e  s ludge  t o  improve c o a g u l a t i o n ,  t h e  
s ludge  i s  vacuum f i l t e r e d  t h r o u g h  c l o t h  and l a n d f i l l e d .  
The s ludge  was c e n t r i f u g e d  a t  25,400 xg f o r  1 h. The superna tan t  
aqueous phase was d i s c a r d e d  and t h e  samples o f  s ludge  s o l i d s  were s u b j e c t e d  
t o  an extraction/fractionation scheme o u t l i n e d  i n  F i g u r e s  19 and 20. 
A f t e r  l y o p h i l i z a t i o n  t h e  s ludge  was e x t r a c t e d  w i t h  ch1oroform:methanol .  
L y o p h i l  i z a t i o n  e l i m i n a t e d  t h e  sequestered water  i n  t h e  wet s ludge  s o l  i d s .  
The crude ch lo ro fo rm/methano l  e x t r a c t  was t h e n  s u b j e c t e d  t o  a  
f u r t h e r  f r a c t i o n a t i o n  as o u t l i n e d  i n  F i g u r e  20. These a d d i t i o n a l  
s e p a r a t i o n  s t e p s  a r e  u s e f u l  t o  de te rm ine  t h e  presence o r  absence o f  
mutagenic a c t i v i t y  and t o  m i n i m i z e  s y n e r g i s t i c  and a n t a g o n i s t i c  e f f e c t s  
of  o t h e r  compounds p o t e n t i a l l y  p r e s e n t  i n  these  complex m i x t u r e s .  The 
procedure separa tes  t h e  e x t r a c t s  i n t o  f o u r  genera l  chemica l  
c lasses :  s t r o n g l y  a c i d i c ,  weakly a c i d i c ,  b a s i c ,  and n e u t r a l  compounds. 
The p e r c e n t  y i e l d s  o f  t h e  Sauget s ludge  were as  f o l l o w s ,  n e u t r a l  83.4%, 
b a s i c  3.1%, weak ly  a c i d i c  8.2%, and s t r o n g l y  a c i d i c  5.3%. 
BACTERIAL ASSAYS 
Each o f  t h e s e  f r a c t i o n s  were examined f o r  mutagenic  a c t i v i t y  u s i n g  
t h e  Sa lmone l la  t e s t e r  s t r a i n s  TA98 and TAlOO w i t h  and w i t h o u t  mammalian 
microsomal a c t i v a t i o n  (S9) a c c o r d i n g  t o  t h e  methods o f  Hopke e t  d l . ,  
1983. The Sauget ch loro form:methanol  e x t r a c t  was v e r y  mutagenic  i n  
TA98 b o t h  w i t h  and w i t h o u t  S9 mix.  However, i t  was o n l y  mutagenic t o  
TAlOO w i t h  t h e  a d d i t i o n  o f  t h e  S9 mix .  A t  a  d o u b l i n g  ove r  c o n t r o l  i n  t h e  
TA98 r e v e r t a n t s  p e r  p l a t e  was induced by  139 pg per p l a t e  o f  Sauget c rude  
e x t r a c t  r e s i d u e  i n  t h e  absence and p r e s e n t  o f  a r o c l o r - i n d u c e d  S9. For  
TA100, o n l y  w i t h  S9 was a  s i g n i f i c a n t  i n c r e a s e  i n  t h e  r e v e r t a n t s  p e r  
p l a t e  observed.  The s l o p e s  o f  t h e  responses i n d i c a t e d  t h a t  t h e  Sauget 
c rude  e x t r a c t  r e s i d u e  induced 270 TA98 r e v e r t a n t s  p e r  mg w i t h o u t  S9; 780 
TA98 r e v e r t a n t s  per  rng w i t h  a r o c l o r - i n d u c e d  S9, and 137 TAlOO r e v e r t a n t s  
p e r  mg w i t h  t h e  a r o c l o r - i n d u c e d  S9 ( T a b l e  1 ) .  The Sauget s ludge  e x t r a c t  
i s  one o f  t h e  most mutagenic  s ludges  y e t  r e p o r t e d  f o r  b o t h  d i r e c t  a c t i n g  
and a c t i v a t e a b l e  m u t a g e n i c i t y  i n  Sa lmone l la  (Bab ish  e t  a l .  1983) .  
RESULTS AND DISCUSSION: PART I 1  
ANALYSIS OF SAUGET SEWAGE SLUDGE FOR MUTAGENICITY 
The r e s u l t s  o f  t h e  m u t a t i o n  assays u s i n g  TA98 and TAlOO w i t h  each 
Sauget s u b f r a c t i o n  a r e  p resen ted  i n  T a b l e  2. A l l  o f  t h e  Sauget f r a c t i o n s  
induced a  mutagen ic  response i n  TA98 and TA100. Two t y p e s  o f  c o n c e n t r a t i o n -  
dependent responses induced by  t h e  Sauget f r a c t i o n  i n  t h e  absence o r  
Presence o f  S9 a r e  i l l u s t r a t e d  i n  F i g u r e s  21 and 22. I n  F i g u r e  21, t h e  
n e u t r a l  f r a c t i o n  r e s u l t s  i n d i c a t e  t h e  i n c r e a s e d  l e v e l  o f  mutagen ic  a c t i v i t y  
i n  t h e  presence o f  t h e  S9 mix .  I n  c o n t r a s t ,  F i g u r e  22 shows t h a t  f o r  t h e  
weak ly  a c i d i c  f r a c t i o n ,  t h e  a d d i t i o n  o f  S9 s u b s t a n t i a l l y  d e a c t i v a t e s  t h e  
mutagens p r e s e n t .  A s i m i l a r  d e a c t i v a t i o n  p a t t e r n  c l e a r l y  h o l d s  f o r  t h e  
s t r o n g l y  a c i d i c  f r a c t i o n  w h i l e  t h e  b a s i c  f r a c t i o n  g i v e s  a  p a t t e r n  i n d i c a t i v e  
o f  t o x i c i t y .  
The Sauget f r a c t i o n s  demonst ra ted a  d i f f e r e n t  p a t t e r n  o f  mutagen- 
i c i t y  t h a n  t h e  c rude  e x t r a c t .  The c rude  e x t r a c t  showed s u b s t a n t i a l  
a c t i v a t i o n  f o r  b o t h  TA98 and TA100. For  t h e  f r a c t i o n s ,  o n l y  t h e  n e u t r a l  
f r a c t i o n  shows t h i s  p a t t e r n  o f  a c t i v a t e a b l e  m u t a g e n i c i t y .  The o t h e r  
f r a c t i o n s  show d e a c t i v a t i o n  p a r t i c u l a r l y  i n  TA100. However, s i n c e  t h e  
n e u t r a l  f r a c t i o n  has t h e  v a s t  m a j o r i t y  o f  t h e  mass, i t  a p p a r e n t l y  c o n t r o l s  
t h e  p r o p e r t i e s  o f  t h e  c rude  e x t r a c t .  
On a  r e v e r t a n t l m g  o f  e x t r a c t  b a s i s ,  t h e  b a s i c  f r a c t i o n  was t h e  
most mutagen ic  t o  TA98 w i t h  a  v a l u e  o f  1910 r e v e r t a n t s l m g  w i t h o u t  S9 
and 1650 r e v e r t a n t s l m g  w i t h  t h e  S9 m ix .  The weak and s t r o n g  a c i d  f r a c t i o n s  
were most  a c t i v e  i n  TAlOO w i t h  v a l u e s  o f  1680 and 1540 r e v e r t a n t s l m g  
w i t h o u t  S9, r e s p e c t i v e l y .  Again t h e s e  v a l u e s  must  be c o n t r a s t e d  w i t h  t h e  
much l o w e r  apparen t  a c t i v i t y  o f  t h e  c rude  e x t r a c t .  T h i s  i s  p a r t i c u l a r l y  
t r u e  f o r  TAlOO where t h e  c rude  e x t r a c t  w i t h o u t  S9 caused no m u t a g e n i c i t y  
w h i l e  t h e  b a s i c  and a c i d  f r a c t i o n s  show s t r o n g  d i r e c t  mutagen ic  a c t i v i t y .  
I t  appears  t h a t  c a u t i o n  may be needed i n  i n t e r p r e t i n g  l o w  apparen t  a c t i v i t y  
o f  u n f r a c t i o n a t e d  e x t r a c t s  as i n d i c a t e d  by  t h e  l a c k  o f  m u t a g e n i c i t y  i n  
t h e  sample. 
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*sterile and nonsterile 
F i g u r e  1. Flow Diagram Separat ion o f  t h e  Aqueous and S o l i d  F r a c t i o n s  
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3g Dry Weight of  Sludge So l ids  
Extract with 3 0 0 4  of  Chloroform-Methanol (411 v o l / v o l )  






I 1 3 
Di lute  l O O m l  Crude Extract 
with 100 m l  1 : l  
Ch1oroform:Methanbl 
Add 5 m l  o f  DMSO 




by Vagaum D i s t i l l a t i o n  
at  37 C 
Crude Extract (30s )  
F i g u r e  19 .  Flow Diagram o f  t h e  P r e p a r d t i o n  o f  t h e  Crude Ch1oroform:Methanol 
E x t r a c t  o f  t h e  Sauget Sludge. 
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F i g u r e  22 .  M u t a g e n i c i t y  o f  t h e  Sauget Sludge Weak Ac id  F r a c t i o n .  
